Prolactin is believed to mediate seasonal cues entraining seasonal reproductive and hair follicle growth cycles. Prolactin receptor binding activity and prolactin receptor gene expression in mammalian skin have recently been described. In this report, prolactin receptor immunoreactivity is identified in sheep skin using a monoclonal antibody against the rat liver prolactin receptor. Western blotting analysis of microsomal membrane proteins from skin showed major bands corresponding to molecular weights of 87 and 71 kDa and minor bands at 101 and 21 kDa. RNase protection analysis revealed the presence of mRNA species coding for long and short forms of the prolactin receptor. Formalin-fixed sections, exposed to the monoclonal antibody and stained by an immunogold method, revealed prolactin receptor-immunoreactivity in the dermal papilla, germinal matrix, outer root sheath, lower regions of the inner root sheath and connective tissue sheath of wool follicles. Staining was absent from keratinised cell populations. In all samples, the interfollicular epidermis, sebaceous and sweat glands were positively stained. The distribution of prolactin receptor is described in both growing and inactive wool follicles and related to postulated cycle-specific actions of circulating prolactin in the control of seasonal fibre growth.
Introduction
The relationship between changes in plasma prolactin levels and fibre growth is well established in mustelids, goats and shedding sheep (Allain et al. 1994 , Pearson et al. 1996 . Shortening days and reduced concentrations of plasma prolactin are associated with initiation of fibre growth that culminates in the production of the winter pelage (Martinet et al. 1984) . Similarly, the spring increase in prolactin concentration is required for the reactivation of dormant (telogen) follicles and growth of the summer pelage in some species (Martinet et al. 1984) . In contrast, natural and experimental increases in day length have a short-term inhibitory effect on growing (anagen) wool follicles, which also appear to be initiated by increasing plasma prolactin (Pearson et al. 1996) .
These observations are supported by recent evidence that tissues in the skin of rat, sheep and mink are targets for prolactin (Ouhtit et al. 1993 , Freemark et al. 1995 , Choy et al. 1995 , Rose et al. 1995 . Radioligand binding studies show specific prolactin binding sites in a variety of cell types in ovine skin (Choy et al. 1995) . Dermal papilla and outer root sheath exhibit strong binding, whereas the germinative matrix has a lower density of prolactin binding sites. Apocrine sweat glands, sebaceous glands and interfollicular epidermis also specifically bind lactogenic hormones. Scatchard analysis of microsomal membranes shows that ovine skin contains a low-affinity receptor in high concentrations (Kd=3·9 n, capacity=2·22 pmol/mg protein; Choy et al. 1995) .
The prolactin receptor is a transmembrane protein belonging to the growth hormone/cytokine receptor superfamily (Bazan 1989; see Kelly et al. 1993, and Cooke & Liebhaber 1995 for reviews) . Members of the family are encoded by different genes. They are related through primary structure and common mechanisms of signal transduction involving phosphorylation of tyrosine residues, but lack intrinsic tyrosine kinase activity (Lebrun et al. 1994) . Isoforms of the prolactin receptor, some having truncated intracellular domains, appear to be the result of alternative splicing of a single gene under tissuespecific control . In the rat, mRNA species for short and long isoforms have been detected in skin (Nagano & Kelly 1994) and both have been localised to hair follicles (Ouhtit et al. 1993) , with a predominance of the long form. In foetal rat skin, no expression of mRNA encoding the truncated receptor was found using reverse-transcription PCR (Freemark et al. 1995) . Two prolactin receptor mRNA species have also been reported in sheep foetal liver and adult ovary, one containing an additional 39 bp sequence incorporating two in-frame stop codons that would translate to a truncated form of the receptor (Antony et al. 1995) .
In this report, we describe the distribution of prolactin receptors in ovine skin, revealed using a monoclonal antibody against the rat liver prolactin receptor and immunogold silver enhancement. The presence of multiple forms of both mRNA and protein is demonstrated by RNase protection assay and Western blotting analysis. The distribution of prolactin receptor is described in both anagen and telogen wool follicles in relation to postulated cycle-specific actions of circulating prolactin in the control of seasonal fibre growth.
Materials and Methods

Immunochemicals, reagents and equipment
The U5 monoclonal antibody to the prolactin receptor was a gift from P A Kelly (INSERM, Paris, France). Horseradish peroxidase substrate for Western analysis was 4CN Plus (DuPont NEN, Boston, MA, USA), nitrocellulose membrane (Hybond-ECL), colloidal gold-coupled antimouse goat IgG (Auroprobe LM), silver enhancement kit (IntenSE BL), biotinylated sheep antimouse immunoglobulin (RPN 1001) and streptavidin-biotinylated horseradish peroxidase complex (RPN 1051) were from Amersham Life Science (Amersham International plc, Amersham, Bucks, UK). BSA (fraction V, 98-99% albumin), bromocriptine, 3-[(3-cholamidopropyl) dimethylammonio]-1-propanesulphonate (CHAPS) and ribonucleases were from Sigma Chemical Company (St Louis, MO, USA). 'TRIzol' RNA extraction reagent was from Gibco-BRL (Grand Island, NY, USA). SDS-PAGE reagents, molecular weight standards and electrophoresis equipment (Mini-Protean II including Trans-Blot cell) and polyvinylidene difluoride membranes (PVDF) were from BioRad (Richmond, CA, USA). XAR film was from Eastman Kodak (Rochester, NY, USA).
Animals and tissues
Skin samples for histology were collected in January and February 1994 from 22 New Zealand Wiltshire ewes at pasture under natural summer photoperiod. Some sheep (n=12) were subjected to an endogenous prolactin surge in order to provide skin samples containing follicles in the telogen stage of the follicle growth cycle. These animals received long-acting bromocriptine (Parlodel LA, Sandoz, Switzerland) 50 mg every 14 days by injection (from August to December 1993), and then via implanted osmotic pumps (2ML4, Alzet, Palo Alto, CA, USA) delivering 2·5 mg of bromocriptine per day (until 6 January 1994 (day 0), when the pumps were removed). The resultant prolactin surge induced a follicle growth cycle, briefly interrupting wool growth as described previously (Parry et al. 1995 , Pearson et al. 1996 . Sheep were slaughtered at 3-5 day intervals from day 0 to obtain samples of growing and quiescent follicles.
Mid-side skin samples were fixed in buffered (75 m phosphate) 10% formalin for 12 h and stored in 70% ethanol until processing through paraffin. Sections were cut at 7 µm, mounted on silanised glass slides and stained with the Sacpic method to determine the percentage of anagen follicles (Nixon 1993) . In untreated control animals (n=10) virtually all follicles remained in active growth. In contrast, the mean percentage of active primary follicles in bromocriptine-treated sheep declined to 95% by day 9 and decreased further, to 60%, by day 12. Follicles in differing phases of the hair cycle were present in individual treated animals.
Western analysis
Skin samples from the above animals were frozen on dry ice and stored at 70 C for subsequent extraction of receptor protein. Microsomal membranes were prepared (Choy et al. 1995) and membrane proteins were solubilised with 7·5 m CHAPS zwitterionic detergent (Liscia et al. 1982) . Undissolved material was removed by centrifugation at room temperature (10 000 g, 10 min), and the clear supernatant was concentrated by membrane filtration (Nanosep 10, Filtron Technology, MA, USA). The resulting solution was assayed for protein concentration using the Bradford method with BSA standards (Bradford 1976 ) and stored at 20 C.
The samples were boiled for 4 min in sample buffer (63 m Tris, pH 6·8, 5% -mercaptoethanol, 2% SDS) and separated on 12·5% polyacrylamide minigels. At least 20 µg protein were loaded per gel lane. Electrophoresis buffers were according to Laemmli (1970) . Running conditions were 150 V/100 mA for 45 min at room temperature. Proteins separated on SDS-PAGE gels were electrotransferred onto nitrocellulose or PVDF membrane with methanolic Tris-glycine blotting buffer (50 m Tris, 39 m glycine, pH 7·4, in 20% methanol). Gels were washed in Tris-glycine buffer for 30 min before transfer at 80 V, 250 mA, for 90 min at 4-20 C. Transferred protein lanes were located by staining in either Ponceau S or amido black.
Blots were blocked in Tris-buffered saline (TBS, 20 m Tris, pH 7·4, 0·8% sodium chloride) containing 0·1% Tween 20 and 4% BSA for 2 h, incubated overnight at room temperature with 1 µg/ml prolactin receptor antibody, 2 h in biotinylated sheep antimouse immunoglobulin (1:500) and 1 h in streptavidin-biotinylated horseradish peroxidase complex (1:500). Blots were washed three times between incubation steps. All immunoreagents and washes were in TBS/0·1% Tween 20/0·1% BSA. Immunoreactive bands were detected with the horseradish peroxidase substrate 4CN Plus as described in the product instructions and protein mobilities were compared with those of molecular weight marker proteins.
Analysis of skin RNA
Expression of prolactin receptor was demonstrated in sheep skin by ribonuclease protection assay (RPA). Skin and liver samples collected from NZ Wiltshire sheep were snap frozen and stored at 70 C. Total RNA was extracted from full thickness skin samples by standard procedures. Tissues were powdered in a freezer mill under liquid nitrogen, then RNA was extracted using phenol/ guanidine isothiocyanate buffer (TRIzol reagent) and treated to remove DNA and glycogen. Total RNA samples (20 µg) were hybridised in solution with either of two 33 P-labelled riboprobes generated by in vitro transcription from ovine prolactin receptor cDNA (PRLR1 and PRLR2). These code for part of the extracellular region, the transmembrane domain, and part of the cytoplasmic domain of the ovine prolactin receptor, as described by Anthony et al. (1995) . The PRLR1 cDNA comprises 510 nucleotides (nt) corresponding to the long form of the receptor. PRLR2 is identical until position 441, where there is a 39 nt insert with two in-frame stop codons, thereby encoding a truncated form of the protein. In the RPA, PRLR1 probe was protected by both isoforms of the target RNA (despite the 39 nt loop in PRLR2) and gave a single major band of 510 nt. PRLR2 probe was fully protected by the PRLR2 mRNA, giving a band of 549 nt, whereas PRLR1 mRNA protected 441 nt of PRLR2 probe (Anthony et al. 1995) . Controls included yeast tRNA samples and analysis of sheep skin samples with 28S rRNA and sense PRLR probes. Samples and probes were incubated overnight at 45 C in hybridisation buffer (80% formamide, 40 m Pipes (pH 6·4), 400 m NaCl, and 1 m EDTA). After hybridisation, RNA was digested with 32 µg/ml RNase A and 1·6 µg/ml RNase T1, and the protected fragments were isolated by phenol/ chloroform and ethanol extraction. This RNA was resuspended in PAGE loading buffer, melted and separated on a 5% polyacrylamide/8 urea denaturing gel, then detected by autoradiography with XAR film at 85 C using an intensifying screen.
Immunohistochemistry
Paraffin sections were dewaxed in xylene, hydrated in an ethanol/water gradient and washed in PBS containing 0·02% KCl (PBSK). The sections were incubated in blocking buffer (PBSK containing 0·1% BSA/5% heatinactivated normal sheep serum) for 20 min, then incubated with U5 monoclonal antibody (15 µg/ml in 0·1% BSA-PBSK) overnight at 4 C. Sections were washed in three changes of PBSK, then incubated in colloidal gold-coupled antimouse goat IgG for 1 h at room temperature. Before the silver-enhancement step, sections were washed in PBSK (3 5 min) and deionised water (2 3 min). Silver development was for up to 40 min at room temperature, followed by brief fixation in 20% sodium thiosulphate, and a deionised water wash (20 min). The immunostained sections were lightly counterstained in eosin, dehydrated and cleared in xylene, before being mounted under Merckoglas (Merck, Darmstadt, Germany). Figure 2 RNase protection analysis of ovine total RNA. Samples in lanes 1-3 were hybridised to PRLR1 cRNA (probe for long form prolactin receptor). Samples in lanes 4-6 were hybridised to PRLR2 cRNA (with a 39 nt insert predicting a truncated prolactin receptor). Lanes 1 and 4, yeast tRNA (negative control); lanes 2 and 5, ovine liver; lanes 3 and 6, ovine skin. The 510 nts of PRLR1 are protected. Bands at 441 and 549 nts with PRLR2 probe show that mRNA variants predicting both long and short forms of prolactin receptor are expressed in skin and liver. 
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Positive control sections were stained using antibody to vimentin (Clone V5, Sigma Chemical Co., St Louis, MO, USA), and negative controls were stained by replacing the U5 IgG with the same concentration of monoclonal mouse IgG raised against Aspergillus niger glucose oxidase (No. X943, Dako Corporation, Glostrup, Denmark).
Microautoradiography
Radioligand binding to cryosections of ovine skin was determined as reported previously (Choy et al. 1995) . In brief, sections were hydrated in Tris buffer (170 m Tris, pH 7·4) and then incubated under 50 µl test solution (170 m Tris buffer, pH 7·4, 1% BSA, 5 m MgCl 2 , 2 m PMSF, 50 000 c.p.m. [
125 I]-hGH) at room temperature in a humidity box for 18 h. Control sections on the same slide were incubated with radiolabelled hormone mixed with excess unlabelled hormones (8 µg/ml hGH, oPRL or oGH) to determine specificity and background. Incubated slides were washed in cold buffer (170 m Tris, pH 7·4, 0·25% BSA, 0·01% Triton X-100), fixed in neutral buffered formalin, and washed in distilled water. Dried slides were coated with photographic emulsion (NBT2, Eastman Kodak, Rochester, NY, USA), exposed for up to 30 days, and processed to show silver grains corresponding to the cellular localisation of the tracer. Slides were counterstained lightly with haematoxylin and eosin.
Results
Western analysis
The results of SDS-PAGE and Western analysis for CHAPS detergent-solubilised microsomal membrane proteins are illustrated in Fig. 1 . Blots incubated with the U5 monoclonal antibody revealed two major bands corresponding to molecular weights of 87 and 71 kDa, and a minor band at 21 kDa. A further faint band was present at 101 kDa, but was not always visible. Negative control blots not exposed to the antibody showed no bands (data not shown).
Ribonuclease protection analysis of RNA
RNA extracted from ovine skin and analysed by RPA demonstrated expression of prolactin receptor (Fig. 2) . Protected fragments were identical in size to those from sheep liver -a tissue in which prolactin receptor expression was expected. No probe was protected when either yeast tRNA sample or sense sequence PRLR1 probe was used. A single heavy band at 510 nt was produced when sheep skin total RNA was hybridised with PRLR1 antisense probe (which is protected by both known ovine PRLR mRNA variants). However, with PRLR2 probe (which is complementary to an RNA species containing an additional 39 nucleotides), two bands at 441 and 549 nt showed the presence of sequences predicting both complete and truncated prolactin receptors respectively (Fig. 2, lane 6) . Minor bands represent much lower quantities of partially protected probe.
Antibody specificity
Immunohistochemical staining intensity was dependent on primary antibody concentration and duration of incubation. When the U5 antibody was applied to skin sections at concentrations from 0·2 to 20 µg/ml, prolactin receptorimmunoreactivity was visualised at concentrations greater than 5 µg/ml. Incubations at 4 C overnight gave markedly better results than shorter incubation times. Goat antimouse IgG conjugated to colloidal gold was used at dilutions from 1:20 to 1:160. Optimal conditions were as follows: U5, 15 µg/ml, overnight at 4 C; colloidal gold goat antimouse IgG, 1:160, 90 min at room temperature; silver enhancement, room temperature, 25-40 min. Control sections incubated with 15 µg/ml irrelevant mouse IgG were negative (see Figs 3c, 6b) .
Positive control sections were incubated with monoclonal antibody to vimentin, which recognised cytoskeletal intermediate filament proteins in cells of mesenchymal origin. Dermal fibroblasts were strongly stained (Figs 3b, 4b, 5b and 6c). In wool follicles, cells of the dermal papilla and connective tissue sheath exhibited vimentin immunoreactivity (Figs 3b, 4b and 5b) . The cell population immediately below the epidermal basal layer (Fig. 4b) was strongly immunoreactive, in agreement with the findings in a previous report (Reichrath et al. 1995) . Overall, the pattern of vimentin staining was markedly different from that obtained when the prolactin receptor antibody was used.
Immunohistochemical localisation of prolactin receptor-immunoreactivity in anagen wool follicle
Anagen (derived from both control and treated sheep) and telogen follicles (from treated sheep at days 12 and 15) demonstrated consistent patterns of immunoreactivity. Anagen follicle dermal papilla cells, located by the vimentin antibody (Figs 3b and 4b) , also contained prolactin receptor-immunoreactivity (Figs 3a and 4a ). Adjacent cells in the germinal matrix were recognised by the prolactin receptor antibody with reduced staining intensity (Fig. 3a) .
Cells of the connective tissue sheath, outer root sheath and lower inner root sheath were also positive, albeit site-dependent along the follicle and variable between follicles in the same phase of the growth cycle. Prolactin receptor-immunoreactive staining of the connective tissue sheath was not consistently observed, possibly because of the variable number of cells in this layer. For example, it V J CHOY and others · Prolactin receptors in ovine skincan be seen in Fig. 4b that vimentin-immunoreactivity associated with the connective tissue sheath is thickest in the lower half of the follicle. Prolactin receptorimmunoreactivity could be seen in this layer mainly around the bulb (Fig. 4a) , but was sparse further up the follicle, as seen in cross-section (Figs 4c-e) . Along the length of the anagen follicle, outer root sheath prolactin receptor-immunoreactivity was least at the level of the bulb, and greatest near the zone of sloughing, immediately below the sebaceous glands (Figs 3a and 4a) . The innermost cells of the outer root sheath, especially in the upper follicle, contained more prolactin receptorimmunoreactivity than other outer root sheath cells ( Figs  3a, 4a and 6e) . Cross-sections of follicles at different levels, from the zone of sloughing down to the bulb (Figs 4c-e) , illustrate the site-dependent degree of prolactin receptor expression in the outer root sheath. Similarly, prolactin receptor-immunoreactivity throughout the inner root sheath was dependent on position along the follicle, and differed between cell layers. Prolactin receptorimmunoreactivity was present in the inner root sheath in the lower third of the follicle (Figs 3a, 4e ), but was absent in the upper region of inner root sheath immediately below the zone of sloughing (Figs 4c and 6e) . Figure 4d shows an area of inner root sheath in the transitional zone that contains both positive and negative staining for prolactin receptor-immunoreactivity. This figure also illustrates the correlation between prolactin receptor-immunoreactivity and eosinophilic structures in the inner root sheath. Not all layers of the inner root sheath were prolactin receptor positive: there was no silver deposition over Henley's layer of the inner root sheath (Figs 3a and 4e) .
The cellular localisation of prolactin receptorimmunoreactivity in anagen and telogen wool follicles appeared to be in the cytoplasm or cell membrane. This was seen clearly at higher magnification (Figs 4c-e and 5a).
Immunohistochemical localisation of prolactin receptor-immunoreactivity in telogen wool follicle
A hair growth cycle was induced in sheep skin by the manipulation of prolactin secretion, and samples of telogen follicles were collected. These showed structural characteristics typical of natural cyclic growth changes as previously reported in Wiltshire sheep (Parry et al. 1995) . Cells of the dermal papilla, outer root sheath and the secondary hair germ (Fig. 5a) were uniformly stained for prolactin receptor-immunoreactivity. There did not appear to be the site-dependent staining intensity that was observed in anagen follicles. The telogen connective tissue sheath, outlined by the vimentin antibody (Fig. 5b) , exhibited very little prolactin receptor-immunoreactivity (Fig. 5a ). Follicles at equivalent stages of the hair cycle showed similar patterns of immunoreactivity, regardless of whether they originated from bromocriptine-treated or untreated animals.
Immunohistochemical localisation of prolactin receptor-immunoreactivity in other skin tissues
A survey of other skin cell populations revealed that a number of these contained prolactin receptorimmunoreactivity (Figs 3, 4 and 6) . Apocrine sweat glands (Figs 3a, 4a and 6d ), sebaceous glands ( Fig. 6a and e) , and interfollicular epidermis (Figs 4a and 6a) were positively stained. Fibrocytes were sparsely distributed in the dermis, as located by vimentin antibody (Fig. 4b) ; some, but not all, showed prolactin receptor-immunoreactivity (Fig. 4a) .
Microautoradiography
Autoradiographic silver granules indicative of lactogenic hormone binding sites were observed overlying dermal papilla, inner root sheath, outer root sheath and connective tissue sheath cells (Fig. 3d) . Silver grain density was also significantly above background in the germinal matrix, apocrine sweat glands and parts of the epidermis, as described by Choy et al. (1995) .
Discussion
The original characterisation of the U5 monoclonal antibody, generated against prolactin receptor from rat liver, showed that the epitope was distinct from the hormonebinding site, and was highly conserved across tissues and species (Okamura et al. 1989) . When solubilised proteins from the microsomal membrane fraction of ovine skin were subjected to Western analysis using the U5 antibody, two major bands corresponding to molecular weights of 87 and 71 kDa and minor bands at 101 and 21 kDa were revealed. The large molecules were of sizes that correspond to either a long form (71 kDa) of the prolactin receptor (Jaffe 1982 , Boutin et al. 1989 , Sakai et al. 1985 , Okamura et al. 1989 , Lobie et al. 1993 , Smith et al. 1993 , Forsyth et al. 1994 or a dimer (87 kDa) of a short form (Berthon et al. 1987) . Recently, Western analysis with the U5 antibody to prolactin receptor of human amnion, chorion and decidua extracts revealed multiple molecular species of 95, 85, 63, less than 63, more than 30, and 30 kDa (Maaskant et al. 1996) . The 95 and 85 kDa isolates were considered to be mature glycosylated forms of the prolactin receptor. Other bands were attributed to partial degradation by proteases in these tissues. More work on the biochemical characterisation of prolactin receptor molecules in skin will be necessary to interpret the present data fully. However, RNase protection assay using specific ovine prolactin receptor cRNA probes demonstrated the presence in skin of both of the two previously reported mRNA variants (Anthony et al. 1995) , one of which encodes a short form receptor.
Further verification of the immunohistochemical data was provided by comparison with localisation of lactogenic Prolactin receptors in ovine skin · V J CHOY and others 271 hormone binding sites by radioligand ( 125 I-hGH) binding. Although the two methods detected different binding domains of the prolactin receptor and differed in sensitivity, localisation could be expected to remain similar. This comparison of U5 antibody and hormone-binding sites revealed good correlation in anagen wool follicles ( Fig. 3a and d) , with most intense labelling of the dermal papilla and outer root sheath in both cases. The previously characterised binding properties of the U5 antibody, the detection in skin homogenates of prolactin receptorimmunoreactivity consistent with the long form, and correlation with radioligand binding localisation all support the immunohistochemical localisation of prolactin receptor-immunoreactivity in ovine skin.
The monoclonal anti-vimentin provided accurate definition of follicle cell types and was useful for monitoring development of silver grains in the enhanced immunogold technique. All fibroblastic cells are believed to express vimentin (Sappino et al. 1990) , so it was expected that this cytoskeletal molecule would act as a suitable positive control in addition to being a marker antigen for cells of mesenchymal origin (for example, Reichrath et al. 1995) . Dermal papillae, connective tissue sheaths and dermal fibroblasts were readily identified using anti-vimentin (Figs 3b, 4b and 6c) .
Fibre growth in many mammals is a highly regulated process, in which each follicle alternates between periods of growth and inactivity. During the regressive phase of the cycle (catagen), matrix cells cease proliferation, and degeneration of the lower part of the follicle occurs (Parry et al. 1995) . Substantial proliferative activity occurs at the start of the next growth cycle (proanagen) as fibre growth is renewed. Multiple paracrine interactions are believed to be involved during transitional cycle phases, with reciprocal interactions between follicle dermal and epidermal cell populations (Reynolds & Jahoda 1991 , Little et al. 1994 . The detection of prolactin receptor-immunoreactivity in structures of the follicle that persisted throughout the cycle suggested that prolactin could have a role in seasonallydriven follicle regression as well as in recrudescence.
Whereas changing concentrations of prolactin in the spring and autumn have been associated with the initiation of growth in mustelid telogen follicles (Martinet et al. 1984 , Rose et al. 1987 , recent experiments have demonstrated that increasing concentrations of plasma prolactin are also capable of triggering regression of anagen wool follicles (Pearson et al. 1996) . Although the dermal papilla has been thought to control the follicle growth cycle (Reynolds & Jahoda 1991) , it has also been suggested that follicle stem cells, residing in the upper region of the outer root sheath, are involved in proanagen initiation in mice (Cotsarelis et al. 1990 , Wilson et al. 1994 . Prolactin receptor immunoreactivity was most concentrated in the three follicle cell populations implicated in control of V J CHOY and others · Prolactin receptors in ovine skinfollicle growth, and in which responsiveness to seasonal fluctuation in plasma prolactin might therefore be expected -the upper outer root sheath, the dermal papilla and the germinal matrix and its telogen remnant, the secondary hair germ. Hence, the site(s) of prolactin action in the regulation of seasonal fibre growth remain an open question. It is possible that the differing effects of prolactin on telogen and anagen follicles could be exerted via different target cells.
In general, the distribution of prolactin receptorimmunoreactivity corresponded to that reported for growth hormone receptor in rat, rabbit and human skin (Lobie et al. 1990) , and androgen receptor in primate skin (Choudhry et al. 1992 , Diani & Mills 1994 . These receptors were widely distributed in epithelial-derived tissues, including the sweat and sebaceous glands, outer root sheath and epithelial matrix. Similarly, receptors for prolactin, growth hormone (Lobie et al. 1990 ) and androgens (Choudhry et al. 1992 , Diani & Mills 1994 ) have all been shown in the dermal papilla. The co-localisation within the skin of receptors for a range of endocrine signalling molecules allows the possibility of interactions between different hormonal systems at the follicular level. For example, androgens are major regulators of human hair growth, with site-specific effects determined by levels and affinity of androgen receptors in dermal papilla cells (Randall et al. 1994) . Androgen receptors have not yet been reported in wool follicles, but these hormonal systems might interact as they do, for example, in rat hepatocytes, in which sex steroids regulate prolactin receptor expression (Smirnova et al. 1994) , and in rat prostate, in which prolactin is involved in regulating androgen receptor synthesis (Reiter et al. 1992) .
Differential staining intensity of outer root sheath cells for a number of growth-related antigens has indicated that the innermost cells of the outer root sheath form a Prolactin receptors in ovine skin · V J CHOY and others 273 functionally independent layer. Examples of expression detected only in this follicle layer include transglutaminase I (Tamada et al. 1995) and its involucrin substrate (de Viragh et al. 1994) in human, and transforming growth factor-in sheep . The ability of monoclonal antibodies against hair keratin proteins to distinguish between concentric outer root sheath layers also points to the existence of unique keratin expression and differentiation pathways (Ito et al. 1986 ). Our observation of higher prolactin receptor-immunoreactivity in the innermost layer of the outer root sheath is further evidence of the separate functional identity of these cells.
No prolactin receptor-immunoreactivity was detected in keratinised cells (the stratum corneum, the inner root sheath in the upper two-thirds of the follicle and the fibre cortex and medulla). This could be due, at least in part, to poor accessibility for the antibody in fully keratinised cells. Alternatively, as keratinisation proceeds, the synthetic capabilities of the cells may cease with the autolysis of cell organelles (Spearman 1977) . Under these circumstances the production of membrane receptors would be expected to decline rapidly before cell death.
Prolactin receptor-immunoreactivity in ovine apocrine sweat glands, as in wool follicles, demonstrated again the high abundance of sites in this tissue previously shown by radioligand binding (Choy et al. 1995) . This would appear to be associated with a function other than fibre growth. Prolactin receptor gene expression in human eccrine sweat glands has been postulated to be involved in autocrine regulation of ion transport (Walker et al. 1989 , Soos et al. 1994 ). An osmoregulatory role for prolactin in the mammary gland, amnion, intestine and kidney has also been reported (Vonderhaar 1987 , Shennen 1992 . The presence of prolactin receptor in sheep skin glands is therefore consistent with the role of prolactin in controlling epithelial secretions.
In conclusion, we have shown prolactin receptorimmunoreactivity within ovine skin which was consistent with known forms of the prolactin receptor, as detected by Western and RNase protection analyses, and with previously reported autoradiographic studies (Choy et al. 1995) . Immunoreactivity was localised particularly to several cell populations that are involved in fibre growth and skin gland secretion. It is therefore likely that receptors within the pilosebaceous unit, notably those in the follicle dermal papilla and in the outer root sheath, mediate follicular growth cycles signalled by seasonal variation in prolactin secretion.
